This study intends to find out how the retention of new vocabulary items could be affected by the item type (collocations versus single words), association strength between collocates and the collocate-node relationship. 101 Chinese EFL learners encountered the new items in paired-associate format. Participants were assigned to three groups: learning two types of collocations with high association strength, learning two types of collocations with low association strength, and learning new items in single words. The results show that learning new items in collocations yielded better retention of receptive and productive knowledge of meaning than in single words. Collocations with greater association strength also led to better retention of meaning. Different item types and associate strength has little effect on the retention of form.
Introduction
The learning of collocations has been at the center of the studies into vocabulary learning and teaching of second language learners in recent years. The studies into learner writing have provided repeated evidence of the difficulties that learners have encountered in collocational learning and usage (e.g. Foster, 2001; Hsu & Chiu, 2008) . Schmitt commented that "this suggests that the difficulty learners have is not only that of learning which words go together but also learning how to employ the chunks they know" (p. 144) . This observation has justified the growing body of research into the incidental and intentional learning of collocations from different levels of L2 learners. This study tends to look into different potential intrinsic and extrinsic factors that might influence the learning of collocations of language learners, and explore the effect of these factors on the learning of collocations and compare the learning effect with single words.
Definition of Collocations in L2
There are mainly two approaches to defining collocations, i.e., the phraseological approach and frequency-based approach. The advantage of using frequency-based approach is that it provides a quick and objective judgment on the acceptance of collocations. Also, it provides a fast identification of proper collocates for the node words. Since the present study intends to examine the effect of association strength on collocational learning, we would adopt the frequency-based approach in defining collocations. In the present study, the collocations are viewed as "word combinations within a limited span that co-occur more frequency than chance would predict". As Wouden (1997) addressed that adopting the frequency-based collocations has the potential to include idioms, since it does not take the semantic properties of the collocations into accounts, such as congruency of the L1 and L2 collocations (Wolter & Gyllstad, 2013) and semantic transparency of meaning of L2 collocations (Gyllastad & Wolter, 2016) . However, the target node words of the present study are infrequent words which have a low potential to be used as idioms. The study includes highly transparent collocations such as roam streets and bestselling memoir and collocations with words used in metaphorical sense like unleash in unleash creativity and erode in eroding confidence. The inclusive approach of covering collocations with a degree of transparency would increase the ecological value than a tightly controlled approach which only includes collocations as free combinations or restricted collocations.
Collocations and Single Words in New Item Learning
The recent second language research has been interested in comparing the learning efficiency of collocations and single words in new item learning. However, till now, there is conflicting evidence as to the teaching and learning of new words in collocations and single words (Kasahara, 2011; Laufer & Girsai, 2008; Pellicer-Sanchez, 2015; Peters, 2012; Peters, 2014) .
These studies have shown a diverse picture of the learning gain of collocations and single words in new item learning. There are several key issues in the methodology in the abovementioned studies that should be viewed with caution. The first issue is on the types of collocations and single words chosen for the study. Most of the studies mentioned above used different sets of node words for single words and collocations. The different node words for collocations and single words might confound the reliability in the comparison of learning gains. In Laufer and Girsai (2008) , the frequency levels of single words and collocates in the collocations are quite different. Six out of ten single words were from the 7000 to the 10,000 levels in the BNC word list, i.e., candid, distractor, glean, laudable, opulent and gregarious. Comparatively, only two collocates in the ten collocations were from the 4000 and 5000 word level (reclaim, ambition) and the remaining ones were mostly from the 1000 word level (present a problem, hold a vote, place orders). The pronounced differences between the node words in the collocations and single words made it hard to conclude whether the results of the study could be attributed to the innate quality of collocations or just that the collocations consisting of words that were easier to learn. The second issue is the type of test used for the studies. Kasahara (2011) implemented one type of post-test, i.e., the receptive test of meaning, while, Laufer and Girsai (2008) included two tests of receptive and productive test of meaning. Peters (2014) implemented one test of the productive knowledge of form of the target items. It is interesting that the test tapping into the receptive and productive knowledge of meaning of target items showed that the knowledge of single words lagged behind that of the collocations. Whereas, the studies that implemented the test on the form of the target items showed the opposite results.
Factors in Collocational Learning
Mutual information score (MI) is a statistical measurement of association strength. It could reveal whether the collocates possess high coherence to each other and a high probability of co-occurrence in the corpus or just occurring randomly together. A high mutual information score would indicate that there is strong association between collocates, whereas a low score would imply that the collocates appear together by chance. To verify the psycholinguistic validity of mutual information, Ellis, Simpson-Vlach and Maynard (2008) conducted three experiments to compare the behavior of native speakers and advanced second language learners. The results showed that mutual information is the major determiner of the performance of native speakers in the three experiments. However, L2 learners were not sensitive to the MI scores. Literature in second language research has somewhat revealed findings that are in line with Ellis, Simpson-Vlach and Maynard (2008) with learners from a wider range of L1 backgrounds and proficiency levels to show that learners generally lack the awareness of mutual information between collocates (Fernadez & Schmitt, 2015) . Durrant (2014) carried out a meta-analysis study to explore the relation between collocations knowledge and frequency of collocations in corpora based on the findings of 19 different studies. He concluded that L2 learners' lack of awareness of mutual information between the collocates was a general thing.
Recent experimental studies have used association strength to select target collocations for teaching to ensure that the collocates are strongly associated with each other (e.g., Eyckmans, Boers & Lindstromberg, 2016; Szudaski & Carter, 2014) . Szudaski and Carter (2014) selected collocations with mutual information score (as a measure of association strength) higher than 3 as the indicator that the collocates tend to co-occur and show collocational pattern. Eyckmans, Boers & Lindstromberg (2016) also provided mutual information score of the target collocations as a verification of the collocations. They have noted in their study that there had been no existing studies on the effectiveness of mutual information score on the retention of the collocations. To the best of my knowledge, this observation still holds true now.
Collocate-node Relationship and Collocational Learning
Verb-noun collocations and adjective-noun collocations constitute the majority types of collocations in language. Peters (2015) conducted an experimental study into the effect of collocate-node relationship on retention of collocations. 43 Dutch EFL learners of English were asked to learn 18 collocations in word list. The results showed that collocate-node relationship affected the learning of target items. The participants consistently produced more correct answers of adjective-noun collocations, followed by verb-noun collocations and phrasal verb collocations in all three types of posttests.
There are several issues in the methods of Peters (2015) that could be modified to examine the collocate-node relationship. The first issue lies in the exercises in the treatment that may undermine the learning of verb-noun collocations. For example, in the fill-in-the-gap exercises, participants were required to fill in the correct forms of the verb-noun collocations which included different inflectional variations. The second issue lies in the need of delayed posttest to examine the effect of learning over a longer period. The implementation of delayed posttest resembles the real learning scenarios that could reflect the attrition of knowledge over a period and inform the researchers on the lasting effects of the learning, which coincides with the goal of learning, i.e., to achieve long-term memory.
Based on the observation of the previous studies, the present study seeks to address the following research question:
1. Are there different learning gains for collocations and single words in explicit teaching?
2. To what extent does the association strength between collocations influence the learning gains in explicit teaching?
3. In what ways does the collocate-node relationship influence the learning of collocations in explicit teaching?
Methodology

Participants
The participants were 101 English major first-year undergraduate students from three parallel classes in a Chinese university. The three parallel classes were randomly assigned to three experimental groups, who received instruction on collocations and single words. The demographic information of the participants is shown in the Table 1. To examine the proficiency level of the three groups, the vocabulary level test (Schmitt & Schmitt, 2001 ) was used. The result of one-way ANOVA showed that the proficiency level of the three groups does not have a significant difference (F(1, 99) = 2.334, p = .103). 
Target Items
There were several steps involved in the selection of target items. The first step was to choose the pool of potential target items. To increase the ecological value of the study, the potential test items were selected from the students' textbooks of intensive reading class and required reading materials of the writing class. To explore the differentiations in the learning gain of collocations with high MI score and low MI score, the present study used the online corpus (corpus.byu.edu) to create the collocates. Table 2 presents the classification of mutual information score used in the present study. A pilot test was performed to test any prior knowledge on the chosen items. The pilot test was conducted on two parallel classes of sixty-eight students. Four weeks before the treatment, the pilot test was conducted in the pen-and-paper format on receptive knowledge test where the English word was provided and the students were asked to write down the Chinese meaning of the words. If the correct translation of an English word was given by any student in the class, it was removed from the list.
The present study included 20 collocations and 20 single words (see Appendix). The results of the independent sample t-test show that the MI score of the 20 high MI collocations is significantly higher than that of the 20 low MI collocations (t = 11.939, p = .000). The criteria of classifying High and Low MI score is based on the finding of a previous study done by the author on a group of learners with similar backgrounds (Wang, 2019) . Beside the target items, four filler items were included in the study: nurture, inhale, smear and ravine. These four filler items included two verbs and two nouns. The selection of filler items and the creation of collocates were based on the similar criteria as the target items. The filler items were presented as the first and the last items as the primacy and recency buffers in the learning materials. However, they were not included in the data analysis (Nakata & Webb, 2015) .
Dependent Measures
The present study used three types of tests to examine the learning gains of the experiments: productive test of form, productive test of meaning and receptive test of meaning. Testing multiple aspects of the knowledge of collocations and single words could provide a more accurate picture and more sensitive to even partial gains in knowledge (Webb, Newton & Chang, 2013) . For collocations, the productive test of form required the participants to provide the node words with the collocates given as the cues. For single words, the productive test of form required the participants to write down the words that they hear. The receptive and productive test of meaning for collocations and single words were translation tasks. An immediate posttest was administered right after the treatment and the delayed post-test was administered two weeks after the treatment.
Procedure
During the first session, the students had to learn and memorize the collocations and the single words on the learning material. They received the one-page learning material with English collocations and their Chinese meanings for the two experimental groups (20 collocations), and English single words and their Chinese meanings for the control group (20 single words). The treatment started with the teachers' brief instruction on the target items to verify that all items were clear whereby the teacher pronounced the items and explained the Chinese meaning of the items. The instruction lasted about 5 minutes. After the instruction, the students were given another 5 minutes with the instruction to memorize the target items. One minute before the end of the treatment, the students were informed that the learning materials would be collected after a minute to give them time for a final review. This would increase the ecological value of the present study since, in real learning scenarios, learners would always review the learning materials before the tests (e.g., Kronell, 2009 ).
Having completed the learning phase, the three groups of participants took the pen-and-pencil immediate post-test without notice. To avoid possible learning effect, the tests were ordered in a specific way: a productive test of form, a productive test of meaning and receptive test of meaning. Two weeks later, the unexpected delayed post-test was administered to the three groups.
Scoring
All post-tests adopted the dichotomy scoring, where the correct answer received one score and the incorrect answer received zero scores.
Results
Treatment Group
The Kolmogoroz-Smirnov test of normality showed that the data is normally distributed and parametric tests were used according. To determine whether there were overall differences between the experimental groups and control groups, a multivariate analysis of variance (MANOVA) was performed using the type of treatment (collocations with high MI score, collocations with low MI score and single words) and time of posttests (immediate and delayed) as the independent variables and scores of the posttests (productive test of form, productive test of meaning and receptive test of meaning) as the dependent measures. The MANOVA analysis showed significant overall difference for treatment group. It suggests that the type of treatment has significant effect on learning. The MANOVA analysis also showed significant overall difference for time of posttests. It suggests that the time of the posttest also has significance effect on learning. Besides the significant main effect of treatment groups and time of posttest, the interaction between treatment group and time of posttests were also identified. The simple main effect was tested on the two variables to examine where significance lay. The simple main effects analysis of time of tests showed that there are significant differences found between treatment at both immediate posttests and delayed posttests (F (2, 196) = 18.81, p = .000 at immediate posttest; F(2, 196) = 12.16, p = .000 at delayed posttest). The simple main effect of treatment group showed that three treatment groups performed significant differently at two time intervals.
To understand the differences between the performance of three treatment groups at immediate posttest and delayed posttest respectively. The descriptive statistics are provided in Table 3 . Two MANOVA were conducted with each at one time interval. The first MANOVA was conducted with three treatment group as the independent variable (high MI group, low MI group and single words group) and scores in three types of tests at the immediate posttest as the dependent variable (productive test of form, productive test of meaning and receptive test of meaning). The multivariate analysis showed that there was no significant difference between the three groups in the productive test of the form (F (1, 3) = 1.51, p = .26, partial η2 = .03) and productive test of meaning (F (1, 3) = 1.09, p = .34, partial η2 = .02). Since the differences did not achieve the significant level and the effect size was rather small, no post hoc analysis was conducted. This result suggested that the learning new items in collocations and single words produced similar gains in retention of the form of the words and collocations. The performance of the three treatment groups differs significantly in the receptive test of meaning (F (1, 3) = 23.47, p = .00, partial η2 = .32). A post hoc LSD test was done to find out where the significance lay between the groups (Table 4 ). The paired comparison indicated significant differences lay between the mean test scores of High MI group and low MI group, high MI group and single words group and low MI group and single words group. The results suggest that learning new items in collocations led to better learning gain in the receptive meaning of the items. And, learning collocations with High MI scores were more effective in retention of the meaning than learning collocations with low MI scores.
The second MANOVA analysis was conducted to examine whether there were significant differences between treatment groups on the three posttests in the delayed posttest. The MANOVA was conducted with the treatment group as the independent measures and scores of the three types of posttest as the dependent measures. The multivariate tests showed that there were significant differences between the performance of the treatment groups on the delayed post-tests. The three treatment groups performed comparatively in the productive test of form with no significant difference between the groups (F(1, 3) = 0.615, p = .54, partial η2 = 0.013). The performance on the remaining two tests showed significant differences between three treatment groups (F(1, 3) = 8.7, p = .000, partial η2 = 0.161 for productive test of meaning; F(1, 3) = 26.56, p = .000, partial η2 = 0.369 for receptive test of meaning). The results showed that, like immediate posttest, different learning conditions led to similar learning outcomes in terms of the retention of the form of target items. Although the high MI group performed better than the low MI group on this test, the results did not achieve significance level.
The post hoc LSD analysis was conducted on the two tests of a productive test of meaning and receptive test of meaning (Table 5 ). In the productive test of meaning, the high MI group performed slightly better than the low MI group, although the differences did not achieve a significant level. Both high MI group and low MI group had high mean test scores than the single words group. In the receptive test of meaning, high MI group outperform the other two groups significantly. The results showed that advantage of learning new items in collocations over single words on productive test of meaning and receptive test of meaning. However, there were no significant differences in learning outcomes in the productive test of form. In addition, the results suggest that learning new items in collocations with high MI scores collocates could lead to significant better learning outcomes in the three types of posttests of vocabulary knowledge of form and meaning. The learning gain was more prominent in the receptive and productive knowledge of meaning than on the productive knowledge of form.
Collocate-node Relationship
The number and percentage of correct answers for each posttest is listed in Table 6 . A close look at the number of correct answers for each type of collocations shows that, in most of the cases, there were more correct answers for the adjective-noun collocations that the verb-noun collocations. It seems that learners could remember more adjective-noun collocations after the treatments. However, in the treatment of low MI group, the correct answers for the verb-noun collocations were consistently more than the adjective-noun collocations, which means that, in this treatment, the verb-noun collocations led to the better recall and retention rates. This suggests that the learning burden of the types of collocations are under the influence of other variables, like the treatment that learners received for vocabulary learning. It needs further parametric analysis to establish the influence of variables, and see if there exists any interaction between the variables on the learning outcome.
MANOVA was performed with the treatment (high MI group, low MI group, single words) and type of collocate-node relationship (verb-noun and adjective-noun) as the independent variable and the test scores as the dependent variable. The MANOVA test showed that there were significant differences between types of collocations and between groups. There was no significant interaction between the type of the collocation-node relationship and treatment groups. The results showed that the effects of collocation-node relationship on the learning outcomes may be under the influence of other variables like the treatment groups, however, this effect did not achieve a significant level in the analysis.
Since we are interested in the differences between the type of collocate-node relationship, a pairwise comparison was conducted to find out which type of collocation-node relationship led to between recall and retention of target items. The results of t-test showed that the test scores of the two types of collocations differ significantly both in the immediate and delayed posttest. Verb-noun collocations had significantly lower test scores than the adjective-noun collocations at two time intervals (t = -5.290, df = 305, p = .000, d = .43 for immediate posttest; t = -2.131, df = 277, p = .03, d = .18 for delayed posttest). The learning difficulty of verb-noun collocations was much less salient after two weeks of the intervention. 
General Discussion
In answer to the first research question, the study indicated that learning new items in collocations yielded better retention and retrieval of the form and meaning than learning new items in single words. However, this advantage is not as pronounced as in Kasahara (2011) . The present study differs from Kasahara's study in an important aspect. In his study, the learning gain was measured with one test of vocabulary knowledge: the receptive test of meaning whereas the present study has used three tests of vocabulary knowledge to examine the learning gains in two aspects of form and meaning. The two experimental groups also showed clear advantage over control group in the receptive test of meaning in the present study. Taking the results of two studies together, it seems that learning new items in collocations lead to better retention of the meaning of target items, but not on the form.
There are three possible reasons that could explain the better retention rate in the experimental group. The first reason is the facilitative effect of collocates plays as cues for integrating the new word into the mental lexicon. In the process of new word learning, the known words being used as the collocate of the new words have created a cue for storing and retrieval of the meaning of the new items. The cues could speed up the initial process of incorporating a new L2 item into the mental lexicon through strengthening the link of L2 form and L1 meaning (Jiang, 2000) . The cue that the collocates have created for the target items were more resilient facing the attrition of the word knowledge, especially in the case of the productive knowledge of meaning. In the delayed posttest, the participants in the experimental group could score correctly more than twice as much as the correct answers of the participants in the control group.
The second reason for the better scores for the experimental group is the innate quality of the collocations, i.e, congruency of the L1 and L2 collocations. The collocations in the experiment could be classified as the congruent collocations, which implies that there are identical lexical choices in L1 and L2. The collocations in the present study could find equivalent translation in Chinese. For example, bestselling memoir could be directly translated as 畅销的回忆录; fruity aroma could be translated as 水果的香气. Wolter and Gyllstad (2011) commented on this facilitative effect of collocational learning more clearly in their observation that "When an L2 word is activated, it stimulates not only the L2 words (known) L2 collocations, but also the L1 translation equivalent and that word's L1 collocations" (p.444).
The third reason for the advantage of the collocational learning could be the evidence for learners being able to store collocations holistically in the mental lexicon, and therefore, when they were asked to retrieve in the posttest, they showed better performance in terms of greater accuracy in the form and meaning of the target items. Past studies on non-native speakers showed that learners could store collocations as a holistic unit in the mental lexicon ((e.g., Jiang & Nekrasova, 2007; Siyanova-Chanturia, Conklin & Schmitt, 2011) . In the present study, the learners in the experimental group could retrieve the meanings (receptive task) with greater accuracy than the learners in the control group. This shows that, in the early stage of new item learning, advanced learners could see the collocations as holistic units. Knowing one part of the combinations primes the knowledge of the remaining components. However, when we consider the vast body of research into learner writing, we have concerns about the extent to which learners could holistically store the collocations in their mental lexicon (Durrant & Schmitt, 2009) . It seems likely that, when learners first encountered collocations without context, they could memorize them as a holistic unit. However, if learners were not allowed to access the items productively, the holistic storage of the collocations would regress back to storing the collocations as separate components only subject to the grammaticalness when used.
The second research question examined whether collocations with greater association strength would lead to better retention than collocations with fewer association strength. The results suggest that collocations with strong association strength could lead to stronger retention during both immediate and delayed posttest. The differences in performance between the two experimental groups were more pronounced in the delayed posttest than in the immediate posttest. Although the memorization before test would increase the ecological value of the study as explained in the previous section, the effect of the different treatments could very likely be offset by the memorization. Considering this, the discussion would primarily be on the results of the delayed posttest for research question two. The reason behind the better retention of the collocations with higher mutual information value is that they are more likely to be processed holistically rather than being treated as two different words and processed independently. Ellis, Simpson-Vlach & Maynard (2008) commented in their paper that "their processing is a psycholinguistic instantiation of the idiom principle in that they (native speakers) preferentially recognize high-MI formulas as units." (p.301). Although in their study, the advanced ESL learners were sensitive to frequency information but not to the mutual information of the formulaic sequences, the present study shows that learners show better retention of the collocations with higher MI values during new item learning. In the present study, collocations with high MI score like bestselling memoir, fruity aroma include adjectives that are more exclusively used with the nouns than in the cases of the collocations with low MI scores like new memoir, strong aroma, recent slump and huge metropolis. In the posttest of the knowledge of form, when the participants saw the collocate bestselling as the prompt, they were more likely to remember memoir than the prompt new. The same goes for the posttest of the knowledge of meaning. This shows that the participants were more likely to remember the meaning of the high MI collocations in posttests and produce the proper translations.
The third research question were on the learning load of the collocate-node relationship. In most of the posttests, the learners could score better on the adjective-noun collocations, except in the test outcomes of the low MI group. This result is in line with Liao and Fukuya (2004) and Peters (2015) 's findings which also showed that the chances that adjective-noun collocations would lead to better retention was also influenced by the type of test. The learning difficulty of verb-noun collocations lies in the way of presentation in the learning materials. Morphological variation of the verb forms is one of the major reasons that give rise to the learning difficulties of the verb-noun collocations (Laufer, 2011) . Learners need to process the different verb forms in the sample sentences and the inserted adjective strong. In the present study, the target collocations were presented in paired-associate learning format, which only involved one form without variation. Therefore, in the instruction, learners did not come across different morphological variations which could leave them disoriented. This finding suggests that, at the early stage of new verb-noun collocational learning, it is better to present one single verb form to create a unified picture in learners' memory and long-term retention.
Pedagogical Implications
The present study has two important pedagogical implications. The first pedagogical implication is the use of collocations when presenting new words for learning. Teachers may direct learners' attentional resources explicitly to the form of the collocates to raise learners' awareness, and hence, enhance the effectiveness of instruction on more aspects of vocabulary knowledge. It could be realized by making the target collocations salient to learners using visual enhancements like underlining the collocations and collocations in bold or italics. (Boers, Eyckmans & Lindstromberg, 2014) .
To further build upon the first implication is the type of collocations that should be included in the instruction. During the selection of collocations for teaching based on the corpus information, teachers for the advanced learners might shift their focus from high frequency collocations to collocations with lower frequency but higher association strength. Drawing their attention to these collocations might be the tentative move to improve the use of low frequency collocations in written and spoken production and reduce learners' dependence on high frequency collocations in writing (Wang, 2019) .
Conclusions
The results support the advantage of teaching new vocabulary items in collocations over single words. It corroborates the findings in the psycholinguistic research to show the facilitative effect of collocations in the retention of meaning, and at the same time, supports the assumption that advanced EFL learners could store newly learnt collocations as holistic units in their mental lexicon. Additionally, the present study indicates that collocations with greater associate strength could lead to better short-term and long-term retention of the productive and receptive knowledge of meaning. The interlexcial factor (collocation-node relationship) showed significant influence on the learning outcomes in the present study, however, this influence was not so pronounced compared to previous study (Peters, 2015) and the effect was minimal in the delayed posttest. The result of the present study is an encouraging piece of news which suggest that the presentation of verb-noun collocations in paired-associate format during instruction could lead to comparable retention as the adjective-noun collocations. 
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